Background
==========

Background: In human spina bifida aperta (SBA), cerebral pathogenesis (hydrocephalus, Sylvian aqueduct (SA) stenosis and heterotopias) is poorly understood. In animal models (such as hyh mutant mice) the loss of the ventricular lining (ependymal denudation) causes SA stenosis and hydrocephalus. In these animals, ependymal denudation is ascribed to an alteration in junction proteins. Analogous to studies in laboratory animals, we aimed to investigate ependymal denudation in human fetal SBA.

Materials and methods
=====================

Sections through SA of five SBA and five control fetuses (median gestational ages 37 and 40 weeks, respectively) were immunostained for markers of ependyma (caveolin1, βIV-tubulin, S100), blood vessels (Glut-1), astrocytes (GFAP) and junction proteins (N-cadherin, connexin-43, neural cell adhesion molecule (NCAM)).

Results
=======

In all five control fetuses, ependymal denudation was absent. In all five SBA fetuses, different stages of ependymal denudation were concurrently observed, consisting of: (I) intact ependyma/neuroepithelium; (II) imminent ependymal denudation (with abnormal sub-cellular location of junction proteins in cytoplasm instead of at the plasma membrane); (III) ongoing ependymal denudation (with protrusion of neuropil into SA, formation of rosettes and macrophage invasion); and (IV) completed ependymal denudation (with astroglial reaction).

Conclusions
===========

In full-term SBA fetuses, intra-individual concurrence of imminent, ongoing and completed ependymal denudation implicates that ependymal denudation would continue after birth. At the areas associated with imminent ependymal denudation, the abnormal expression of junction proteins suggests that abnormal formation of gap and adherent junctions precedes defective ependymal coupling, desynchronized ciliary beating, ependymal denudation and hydrocephalus.
